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(54) NITRIDE-BASED SEMICONDUCTOR ELEMENT AND ITS MANUFACTURING METHOD 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride-based 
semiconductor element in which a substrate and a nitride- 
based semiconductor layer formed on the substrate can be 
divided into pieces without deteriorating the characteristics 
of the element and a method of manufacturing the element. 
SOLUTION: In this nitride-based semiconductor element, an 
n-electrode 1 is formed in an area other than a stripe-like 
area formed along a resonator end face A side and another 
stripe-like area formed along another resonator end face B 
side on the rear surface of an n-GaN transparent substrate 
1 00 and a p-electrode 2 is formed on the whole upper 
surface of a p-GaN contact layer 28. 
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[0 0 6 8] /cC*5. *^^«XSlC^lxri*. 
1 0 0<^>^®ffJ;&^^X^^^3fS:fTor*i<fc<. 

fi!J;b^^x^^^::^*^T5^^^cfca^r^*. mqw;S14^ 

-<xmi'^^^(D§mt<<pui^. 
[0 0 6 9] ccr. :i(Dm^{z:^i^xit. ^mm^m 

A, Bifi^CDX h^^ >^«CDMiic(Cp^®4 7f)<fi^lS;^*L 
Tfc^^-r\ C:<D1ii|e(C^5L^r^*p~=l>'S^^ hB2 8A< 
^dlLTl^^o CCDfc^b. ^tHLfcp-nV^^ hM2 
8(OSP5^rmi"r^-<!:75^^'e^^o Lfc7b<oT. p^M 

^m^'f7o^tt<-^mx^^o 

[0 0 7 0] ^^±<D^oiZ^ *#1J(D4^#»U— 1f*^5 



O 1 ^zfcL^T(i. ^^m&W. 1 0 OtT^KSlCff^iS^tl-g) n 
B^^3 ^/^^— :=^>^X. ca>nmM3(;)>'^^ — 

Ep<!: LTfflt^TiiB^a4J5i o o (Dmmmi^^ ^ n 3 m 

xmihLtzMBM&Wi^ O 0^cl;tJ^^(D_bSr(DJiS'X^^ 

>(yLxmimmf^o ^lx. zLCDmizv^-ox^mi^ 
^=Ly\^mmLx^mm^i¥m't^o ccDtzdb. x>^^ 

^tifceM(cfc^MQW;^ttM2 3(i^i^S*§it-&c 

[o o 7 1 ] ^fz. ±u(D^mi^\^—^mi'^o 1 

B^S«i o o^Ji(crS]itrv^>^->3>^^>-ell3S 

-r>&^t^^cfcu^r^i. Sb^SSi o 0 7b<SB^T?fe^/r 

p-i3>^^ hB2 8«jCDX h^-f :/«i|c2 9 aa> 
[0 0 7 2] UtS. Ga N3^>^ ^/dT-g^iSB^S* 1 O O 

mi^tmi^tzisb. mmtz>-Y>':^iyB>^^'t?>xm^ti 

[0 0 7 3] US!*. *^B^(cil^##«:U-+fmT(7) 
30 ^3<7)#iJ^^f mTtS^J'cf^Slllrfc^o 115 (a) it. 
:;$im<D^^i*^ U— tf 502^p-=l>^^hll28 

mt^h:>mmLfzm-^(omxh^). us (b) i*. *#ij(7> 
#^<*u— if^^s o 2^]iB^s« 1 o o(;)g®«f];5^e, 
mmLtzm^oymx^^o 

[0 0 7 4] *#1jCD#^<*U— tfm^5 O 2[i. J^TCO 

[0 0 7 5] 115 (b) lC^-rJ:5(C. »fm 
O 2(C^lNT(i. ^B^^«1 O 0^7)a®±(C^t^ 

40 i^SSSSA. Bffl!jcDiaic>i3^ofcX h^-f 

m^<i:^xs{zmTommmmom{Z}^'otzx h'p^-:f^(o 

[0 0 7 6] ZCD<fca^»:#^<*U— Hf*^5 0 2(i. i^JL 

T(D^.^mi^x. ^mi^\^—^m^soo(owmi5mt 

[ O O 7 7 ] ^mi^ ly-^m^ 5 O 2 (Df^SB#(C J$ l^r 

it^ ^ma^iy— ^M^^ 0 0 (Dn mm ^ tmmo^i^— 

</^^tttj\z^ ^b(cnS®5rpi(=st±3Ltcx h^-r 
50 :^tfe<DMi|t<l:il3S^-5:^f^i::x h^-f ::^JK(cilBja*Si 
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[O O 7 81 *^ja>#^«:U— tF^^S QZOi^mmiZ 
[0 0 7 9] -r5^Jbt>. -hlE^cfcdC: nmS5(D/<'$^ — 
L . e CD^^f* U-1f 5 O 2 ic^ai^ -5 o 
[0 0 8 01 cci?. J:Ka>|g^:$)^aixgfc^3l^Tfi. 

[008 1] u±0>^o\:i^ *^a>^^il: u— if *^ 5 

EP^ Lr^l^r^BJ«|g1 O O n 6 Pel 

[0 0 8 2] ^CDcfcd?S#^l*U—1fm^5 O 2fC*$lx 

rii. M*j^i*LfciiBj^«i ooa>mmmt^h>^m^ 

MQW.i^ttM2 3li®^S^S{t^c<hli^i:<. MQW 

[0083] L/—- tr^^ 5 O 2 lCfcl^r 
pll«6;5<p-=i>^^ hM2 8(D_t®^i*:{cff^;t 

8.t(Djg«lDili7b<:;*c^l^o Lfc:6<oT. if* 
^^5 O 2(C^l>TI*. prnSe^t p-ziV-Si^ hS2 8 

h Ji 2 8 <^ (DPbI -r? S^tf ^v"? JgM ^ t# ^ c <t 3t)<-e 



[0 0 8 4] <t ffj51i(7)ck3(C. ilB^S^ 1 O O 

10 [0 0 8 5] ^#(C. G a NS«^J:t;G a N^^b^^# 

^t*iio>±^f:§fia®-T?fc^ (1-10 0) ®^c^a^-clf^?3 
f$,tHtzmi^(Dmm:f^< d 1-20) s^^^^yc^^. mm 

[00 8 6] M'^. ^m^i^—^mi^^z>^><?->B> 
^^o>xmm^^m^iz^i^xit. #^<*u— 

-So Lfc35<oT. #^l*u— ^f^^^^ux/c^^i^U'- 
[00 8 7] C;KlC«Lr. -hfBa>#^i*U— iffg^S 

o 2 fr aiNTfi. n mms ?b<j^Bjs«i 1 o o (ommmm 
o::<.i-^'<:f^a>mm^^i^xmm^tixi^^0xu n 

im\z^i)mm\.. ##f*L'-if*T5 0 2^nms5 
^m\^\^—^^^^(r>m^iLxmis.t^^xsm^iLx^m^} 

[0 0 8 8] [lefi. *^BJ(C^.^i|lStt^U— Hf^^CO 

y^.^om^^T^-rm^m^^mmx^^. (a) 

40 ii2 8ffllJ7^)^i^ll^Ltcli^^D(lI-efcy. ^6 (b) [t. 

^m(r>^mw iy—^m^ 503 ^mm^^ 1 o o oaci 

[0 0 8 9] 7^d:*^\ -tf^^S 0 3(i. 

[0 0 9 0] He (a) {Z^^^oiZ^ 
^5 O 3(C^lNTli. p -=l h)l2 8(DX h^-f 

^Mit 2 9 a (7>f^^a55fii^(D||^^^cfct/X h^>r Z^^SiS 

2 9a ^'^t^mnw^¥^^<r>?mm.^±\z^w^BtmfS. 

50 ^;t^TL^-g)o ^(D^^oraftff^Ji^tfea^Fif^^iSi: 
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[009 1] *#lJ(D^«i*U— -tf^^S O 3{C*5lvT 

[ O 0 9 2 ] :$im(D^mit U— f 5 0 3 (i. iUT(7> 
[0 0 9 31 #^i*U— »f^HF5 0 3<Df^m(=^3t>r 

It. m 4 u—- 5 o 1 CO p mm 4 ^ p4i<7> 
5 o 2 n ma 5 tmmo>yjm\z d: y n 7 i^j^mf 

cc-e. ilB^SIil o o^cJ;i;#®2 1 - 2 8 7b<il 

mmi (o/i^—>^mm^m^ oo;ss^u^m2. i -2 

[0 0 9 4] ±t^(D^5izLx pmms(r>ji^—=^></ 

mL. :z(Dmizy^'ox^mi^^^y'^^^m^^o 
[00 9 5] cc-e. *#ti<;>4^^«iu— if*^5 0 3(c 

^x^^-f^ ^(Dmmz^i^xitp-^>^<7 \-m2.s 

^^mi^x. pmmsomxmihLfzp-z^ty^^ hm 
zBomrnxmrn-t^^tib^x^^o ufc^<or. pm 
ms^&i^^mzibfz'ox^wi'r^'^mti^ui'^ayx. m 
m^Simmiz^^x^mm^i^m't^^ t f)<'^mx^^. 
^fz. c(Dm^iz:^i^x\t. ^ffiitssA, Bizprnm 

[00 9 6] ±iBa>cfc5{cLT^4iSS*f^SLtc^. # 

^**cu— ^f^^5 o 2<7)^^^iHi^. mt^^^nmmi 
(ommmxmth utc^ajs* 1 o ocDiutci^ffiSfi:^ 
is^twntj:yj\^izm'ox:^<?'7^y^n'oxm^m!&'t 

[00 9 7] CC-r. ±lECD^^^ItX*ilC^lxT(i. 
gdJLfc3SBJS«l 0 0(D«igt-eSi|-r^-<!r:6<-e# 

L/c;6<oT. nmmi ^^w\-r^i^!>wf}<tJil^(Dxm 
[0 0 9 8] mJKD^dfc. JitH<D#»tt: 5 
0 3(C^^l^r(i. iSB^SSl O 0(7>S®{Cff^;i3c^tl'& n 
«M7 ^>^X. d(DnmM7a)/^5r— 



xmihLfzmmA^^ ooj$cfci;^a)±*oji*x>:7^ 
o:^^\^mmLxi^mm<r>i^m^^ifm^^m^^ffvo 

-Z.X\ 4^3g<^:U— 1f^^5 O 3lcfcU^T^*. MQW;S 

1±J1 2 3 ^ff^^ LfzmBM&m 1 0 o (7)a®il'i;i)^ bib 

mmmitifzm.m{z:^^fzisb^ :^<?'^^-:fiz^^mmm 

mzmi'<D-m<^mi^fz itmm l t t m q w;stts 2 

3 7b<^i^#^Sft^C<b(*3jj:<. MQW;tttM2 3<D#^ 
10 fi^^SA, BliaWcfa®^*^. Lfc35<oT. C(D 

[00 9 9] -hIfi(7)#^t*:U— +f^^5 O 3^v 

-^:^<?iyB>^o>xmmr^m^iz^i^xit. mBM& 

0 OtmmX&^fz^. p-ziV'^^^ hM2 SfJjCD 

X h3-cz^mm2 9 aco^u^mmt Lxmi^x^ma^ 

[^—*fmT 5 0 3 ^-y-::^^'^? > hlflcl^jSc*: < Sg;*^ 

^%%^(oiiLmiummizmmr^:ztt)<^mx&^o 
Lfzt<'z>x. ^mi^\^-^^m.(Dm^±Lxmmt<^±T 
^tt^tiiz^ m^tix^m^^jt)m±^^o 

[0100] tjitS. Ga Nt^hyU^MBM^^^ O O ^ « 

l^fzisb. Mmti>^>^iyB>9*0>xm^tLXi^H 
[0 10 1] ^b(c. _tfB<;)4^^ft u— Hf 5 O 3 (C 

30 fca^Tli. lil5(7)^#f*U— tf^^5 O 2<t|^4i(C. n 
S«7 60ilJia35<iaJS«^>^cf'5o ^(DtzOb. CCD^vU^^ 

immmmttmiz ^ y u . u— 503 
i nmmi (Dmm'^&mt lxv-^-^o^ hmiziEmiz 

[o 1 o 2] ii7(*. :$^mMizm^^m»i^—^mi'(D 

40 |g5(D#IJ^^-rS5£fi^?'cP^®Ill-efe^o 1117 (a) it. 
:^^]0:>^^^ii: U— if ^T- 504^p-GaNr3>^^h 

m2.smf>^ihmwLfzm^(omx^^j . m7 (b) (t. 

:f:^\a)^^i^ i^—-^^:^ 5 o 4 ^5ie^S« i o o a>mm 

mt)^^mmLfzm'^(omx^^o 

[0 10 3] O 4(i. 1117 

(b) {ZTri^^oizmm^m.^ 0 0a):<.h''y^-:fmi^2 

9 aomm^^^(omm±iz=bnmm9tmm^^fzf^. 

50 [0 1 0 4] [17 (b) cfcdC:. :$:#»JCD##<*U 
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—^m^5 O AlZ^l^Xit. ilBJSSi OO^cfct/p- 
-Settle nS®9^^cfctXpB®1 o?5<ff^|5Jt^;KTl^^o 

[O 1 O 5] *:#ri£D#^i*U— -tf^^S O 4{i. nmm 

-t^^-^ 5 o 2 iofi^m:^^ t mm0>:^mz y #s * +t 

xmBM^m^ ooa>mmmt^h>nmm9mxmthLfzm 
[0 10 7] cc-e. ca>j;d*j:##i*u~~if*^5 o 

=tMQW$SttM2 3fili»»*Sit^C:i:Ci3^d:<. MQ 

[0 10 8] ifm^504^Zfctvr 
(i. pm^1 6A<p~=r>iSi>!> hM2 8(D_h®^i|:fcJ^ 
j|g^ttTi^^« cofrab. pm«i p-=i>>S2^ h 
Ji2 8^a>S^«Bia;6<:^#t>o Lfc;6^or. *»i*L.- 

if^T5 o 4(c^5tNrr*. p^S 1 p~=i>^^ h 
M 2 8 ^ a>m(ommmiiitm»^fi. Bims:t-~ ^ ^ 

^C^;6^-^#^. ^0>m^. #*l*U-1f^^5 0 4lc 
[0 10 9] ^ihiz^ JifB<Z>#^»: U—- »f 5 O 4 (C 

O 4 * V > ^ 3 > O > -C? Uli ^ -g) ii ^ ( C *5 U ^ T 

(i. ^Ta)ffiiiffi-ei±*< ns«i9a>«jm*iir«si^s« 
a^s^i^ Lr-t^^v^> h^fciEssccf^tsa^i^-r'S- 
[O 1 1 O] 0 81*. :*:^B^lc«^iii^tt:u~-tfm^(;> 
|g6(D«IJ*^-r«S6*I*^®@Tfc^o ^8 (a) li. 
^^it;L/— tf^^5 0 5$-p-Ga N:=i>^<? hM2 8 



u-^m^^ 5 0 5 ^mBM&m i o o <D^®fflii:6N h>mmL 

[0 111] *#ija>4^^<*U-if^^5 O 5fi. iaXTCD 

[O 1 1 2] 1118 (a) (C^f cfcdic. tf^ 
^5 O 5{CfclxT(i. nSti1 1 ^6 
pS«1 Ztmm^HXl^^o ^tSt>'^. p--3>^^ 

pSSi 2)&<^^j|E^?*lTl^^. ^Etfc^ zKDm'koymAM 

[0 113] ;z©j;-5fr. :$:#jcD-^^tt:u— tfife^s O 
5lc*jLxr(i. mm&^^ o o^^Up-^>^^ hm 

ai ^^^xfpmm^ ztmmt^^xi^^o Lfc35<-D 

[0 114] :$:m(o^mi^iy—tfm^sosit. pmm 

[O 1 1 5] ^J^ft)^. ^m^ly—^mi^S O 5CDf^M 

30 411 2(;)/\'^--i^>>f^fr3o ^^-e. ilB^Sffil OO 
*5cl:l/#ll2 1 -2 8;5<^lB^trfc-&yca6. 51B^^« 1 O 
0<DS®»JfCj|^^^ttfcn^«1 1 CD/^^ — >*]gBJS 

«1 0 0*$cfct/^ji2 1 -2 8 ^^li^LTM-SC^^j^^T? 

L/c;b<or. jliiiUrM^^nm^li ^(Dyi^ — 
>*m<f*<8pSSl 2<7>/<^— ^V^'^tTdc^tfcj: 
n^411 1 p^ai 2^(DfiS^*D-l±*^^fc^T 

[0 116] :^mo>^mt^iy—+fm^so5{z^i^x 

40 A, BMcDx^-'y^y^cDmmzpmm^ 2.tmm^ti 
r^^-r. -<^>^il^^c^l^r^ip-=l>^>:7 hji2 8 35< 

Lfcp-=3>^<:7 hM2 8(Dai5^^T?^ifi-r>g)C<t7!)<-r^ 
mM\zt>fz'ox^w\^^!^wf)^ts:i^(Dx^ mm^m^iz 

n^X^m^^i^U^^zt^<-^mxh^o ^fz. ccr> 

m^lZiSl^Xit. ^til§4g5®A. BiCpSMi 2;{)<;t)VSN 
50 [0 117] #««:U"-1f^^5 0 5(Dm-^^gi 
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x^i(c^5L^T^^. mthLtzmm&u^ oo^cfct/p-:^ 
[0 118] \>k±(D^z>iz^mi^i^—^m'^5 0 5iz^ 

$-/\'^ — CC0nm«1 1 (D/N^^ — >$:gEP<h 
|^Xffil^TSBJS« 1 O O (7)^®«7^)^ n S# 1 ^ mT: 

niy\immLxi^moi¥m^<^ism'¥-^Am^'no o 

[O 1 1 9] CC-e. +P*^5 O 5(DMQW 

[0 12 0] *fc. JllH<;>#«1*U-ifig-T5 0 5^-v 

ffil O O^^J:t/#®2 1 -2 8?5)<ilBJiefe^tc:iJ6. p- 
=l>^^ hM2 8«(DX h^-f 3^Mlt2 9 aa>5S5a5$-S 

[0 12 1] ^(Dfzi^. c:(DJ;5<£^»i*u— !fm^5 
^36<prffi-^fc-g)o Lfc*<-3T. itt»f*U— tfSg<Dffl-?f 
[0 12 2] G a Nt)^ i^U^mm^U 1 O O ^ « 

[0 12 3] ^^(C. ±IE<D¥^»U— ^^T5 O 5{C 
*5l^r{i. [15(D#^#1^L/— 1f^T5 O 2. Hi 6 (D^^ag 
U— tf 5 0 3^^ Um 7 (7>*^^* U— if *^ 5 O 

4^iii«(c. nS^ffii 1 (Diiim35<ii:«itti:*'&o ^(Dtz 

< niisi 1 cDfflm^iii^siaaiii^i=j:ysiiL. 

tf^^5 o 5* nM4ii ^(Dmm^^mtLx-^ 
\-miZiEmiziiLmk^^^^tt<x^^o 

[0 1 2 4] ±IE(?)*«<*U— tf«^5 0 0^-5 0 5(C 



^$t^r. #B2 1 -2 8CDMj*i*±fS(C|S^^tl'&ti(D 

Xit^fS-l^o 21-28 (i. Ga. AU In. Bfe 

[0 1 2 5] t^n. ±fE^C^Sl^T(*. ^gBflS«1 O 0± 

SMJ*^ ^ :^ ^ ^ ::^^1T o T ^ cfc i^o 
[0 12 6] ^fc. JlIB(cfca^r^*Jl^^)]^l^Ma)'J 

X h-^-r 7^«it^^^'g)4^^^*^U"-tf^^(^-^i'^riftB^ 

20 [0 12 7] JiIBlC^L^rii. *^B^^##»U— 

[0 1 2 8] *^B^^P nm^M(0%^^*-f:t 

— ^izmm-r^m^. m^^^-(^—\^^xitnmm(D:f3i)< 
momm^mmm c^-eij ^ i= / ^ ^ — - > ^ * 

30 do ^tilCcfct-j. 3lB^SSfi^J7b^^bpfe^^-:9'^clSl^jait-c 
[ll®<D@*^i:|jt0-«] 

[mi] *^Bj(c^^M^bit*^#s<*u— *fm^a>mi 
[112] m o#s^u— if*T-=^±ffi*$cfci;Ti!i7bN^ 
[ma] nSSA^F;f:£Jf^««c}^iS^tLfc#^t*:'t?x/\$: 

40 fc^o 

[|14] *^B^(C-^^^^»:U— ifm^(D|g2(D#J^^ 

[[15] :^mmzm^^m^iy—^mi^(Dm3(om^^ 

[117] *:^B^(Cft^#^<*U— ^*^<Dm5(;)0ij$-^ 
[El 8] ^^B^lcll^&i^SI^U— "tfmT<J)m6(DeiJ$:^ 

50 -tm^ffytuw-mmx&^o 
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1,3,5.7.9,11 n 
2. 4. 6, 8, 10. 12 p 

2 2 KM 
2 3 MQWitttM 
2 4 p-^-X'^Z^M 

2 5 p KH 



[@1] 




2t 500 

T 



[1119] 



61 




2 6 p-<:7^^>KS 

2 7 n-S;:?f[:?P 

2 8 p-a>^^ hit 
29 a -XV'V'^^^m 

1 o 0 mm^m. 

500, 50 1, 502. 503, 504, 505 # 
6 0 0, 6 O O a #.St*;^X/\ 

A. B ^m^^^m 
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:7P> h^— i>(D^x^ 

F^— 5F041 AA37 AA41 CA33 CA34 CA40 
CA76 CA77 CA93 DA04 
5F073 AA09 AA13 AA45 AA61 AA74 
CA07 CB22 DA30 DA32 DA34 



